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Objective: Accumulafirng evidence suggests that inflammation plays a role in the pathophysiology of major depression. The ad- 
enosine triphosphate (ATP)-sensitive P2X7 receptor (P2X7R) plays a crucial role in microglial activation caused by inflammation. 
The dye brilliant blue G (BBG) is a P2X7R antagonist. This study examined whether BBG shows antidepressant effects in an 
inflammation-induced model of depression. 

Methods: We examined the effects of BBG (12.5, 25, or 50 mg/l<g) on serum tumor necrosis factor- (TNF-ff) levels after 
administering the bacterial endotoxin lipopolysaccharide (LPS: 0.5 mg/kg) and the effects of BBG (50 mg/kg) on depression-like 
behavior in the tail-suspension test (TST) and forced swimming test (FST). 

Results: Pretreatment with BBG (12.5, 25, or 50 mg/kg) significantly blocked the increase in serum TNF-ff levels after a single 
dose of LPS (0,5 mg/kg). Furthermore, BBG (50 mg/kg) significantly attenuated the increase in immobility time in the TST and 

FST after LPS (0.5 mg/kg) administration. 

Conclusion: The results suggest that BBG has anti-inflammatory and antidepressant effects in mice after LPS administration. 
Therefore, P2X7R antagonists are potential therapeutic drugs for inflammation-related major depression. 
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INTRODUCTION 

Several lines of evidence suggest that inflammation 
plays a role in the pathophysiology of major depression 
and that anti-inflammatory drugs have antidepressant-like 
effects.' '*' The administration of the bacterial endotoxin 
lipopolysaccharide (LPS) induces inflammation and sub- 
sequent depression-like behavior in rodents.''^' Further- 
more, the depression-like behavior and altered serum 
pro-inflammatory cytokine levels, such as tumor necrosis 
factor- a (TNF- a ), induced by LPS are blocked by anti- 
depressants, including selective serotonin reuptake in- 
hibitors (SSRJs) and serotonin and norepinephrine reup- 
take inhibitors (SNRIs).*' A meta-analysis found higher 
blood rNF-i? levels in drug-free depressive patients 
compared with healthy controls.'* A postmortem brain 
study showed elevated pro-inflammatory cytokine gene 
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expression in the frontal cortex of people with a history of 
major depression.*** Therefore, it is likely that both periph- 
eral and central inflammation are associated with depres- 
sive symptoms and that anti-inflammatory drugs could 
ameliorate these symptoms in patients with major 
depression. 

Adenosine triphosphate (ATP) has been implicated in 
acute and chronic inflammation.^''"' Among the ATP-sen- 
sitive purinergic receptors, the P2X7 receptor (P2X7R) 
has an important role in the post-translational processing 
of the biologically active pro-inflammatory cytokine in- 
terleukin-1 /? (IL-1 /3)."'P2X7R is abundantly expressed 
in microglia'^' and to a lesser extent in astrocytes,"' oligo- 
dendrocytes,'''' and the presynaptic terminals of neu- 
rons.'^' Studies using P2X7R knock-out (KO) mice 
showed that the absence of P2X7R leads to reduced im- 
mobility time in the tail-suspension test (TST) and forced 
swimming test (FST),"'"' suggesting a role of P2X7R in 
depression-like behavior. Therefore, P2X7R antagonists 
are potential therapeutic drugs for major depression."*'"' 

The dye brilliant blue G (BBG), also known as 
Coomassie blue, is the best-known P2X7R antagonist and 
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has nanomolar potency, although it also inhibits volt- 
age-gated sodium currents at higher concentrations.^'' 
This study examined whether BBG shows anti-inflam- 
matory and antidepressant effects in mice after LPS 
administration. 

METHODS 

Animals 

All experiments used 8-week-old male adult C57BL/ 
6N mice (body weight 20-25 g; Japan SLC, Hamamatsu, 
Japan). The animals were housed in controlled temper- 
atures under a 12-h light/dark cycle (lights on from 
07:00-19:00), with food and water ad libitum. All experi- 
ments were carried out in accordance with the Guide for 
Animal Experimentation of Chiba University. The ex- 
perimental procedure was approved by the Animal Care 
and Use Committee of Chiba University (permission 
number: 25-270). 

Drug Administration 

On the day of injection, fresh solutions were prepared 
by dissolving compounds in sterile endotoxin-free iso- 
tonic saline. LPS (0.5 mg/kg; L-4130, serotype 0111:B4, 
Sigma-Aldrich, St. Louis, MO, USA) was administered 
intraperitoneally (i.p.). BBG was purchased fi-om Sigma- 
Aldrich. The dose of BBG was reported previously. '^'^^' 

Enzyme-linked Immunosorbent Assay (ELISA) 

Vehicle (10 ml/kg, i.p.) or BBG (12.5, 25, or 50 mg/kg, 
i.p.) was administered to mice 30 minutes before LPS 
injection. Under sodium pentobarbital, blood samples 
were taken via cardiac puncture 90 minutes after LPS 
administration. Blood was centrifuged at 2,000 g for 20 
minutes to generate serum samples, as reported pre- 
viously.''' The serum samples were diluted 20-fold with 
ELISA diluent solution (eBioscience, San Diego, CA, 
USA). The serum TNF- a concentrations were measured 
using a Ready-SET-Go ELISA kit (eBioscience) accord- 
ing to the manufacturer's instructions. 

Behavioral Tests 

On day 1, vehicle (10 ml/kg, i.p.) or BBG (50 mg/kg, 
i.p.) was administered to mice 30 minutes before the i.p. 
administration of LPS (0.5 mg/kg) or saline (10 ml/kg). 
On day 2, all behavioral tests were performed in the fol- 
lowing order: locomotion at 9:00 h (24 hours after LPS in- 
jection), TST at 14:00 h (27 hours after LPS injection), 
FST at 16:00 h (29 hours after LPS injection). The mice 



were put in the test room 30 minutes before the behavioral 
tests. All tests were performed in a quiet room between 
9:00 and 17:00 h. After the tests, the mice were returned to 
their home cages, which were returned to the breeding 
room. 

Locomotion 

The mice were placed in 560x560x330-mm cages 
(lengthxwidthxheight). The cage was cleaned between 
testing sessions. The locomotor activity of the mice was 
counted using a SCANET MV-40 (Melquest, Toyama, 
Japan), and the cumulative amount of exercise was re- 
corded for 60 minutes. 

TST 

The mice were taken from their home cage, and a small 
piece of adhesive tape was placed approximately 2 cm 
from the tip of the tail. A single hole was punched in the 
tape and the mice were hung individually on a hook. The 
immobility time of each mouse was recorded for 10 
minute. Mice were considered immobile only when they 
hung passively and were completely motionless. 

FST 

The mice were placed individually in a cylinder 
(diameter 23 cm, height 3 1 cm) containing 1 5 cm of water 
maintained at 23±1°C. The animals were tested in auto- 
mated forced-swim apparatus using a SCANET MV-40. 
The immobility time was calculated from the activity time 
as (total time)-(active time) using software built into the 
apparatus. The cumulative immobility time was scored for 
6 minutes during the test. 

Statistical Analysis 

The data are shown as the mean±standard error of the 
mean (SEM). The data were analyzed using PASW 
Statistics 20 (formerly SPSS statistics; SPSS, Tokyo, 
Japan). All data, including the locomotion, TST, and FST 
test results, were analyzed using one-way analysis of var- 
iance (ANOVA), followed by the post hoc Bonferroni/ 
Dunn test, /(-values < 0.05 were considered statistically 
significant. 

RESULTS 

Effects of BBG on Serum TNF- a Levels 

In the vehicle-freated mice, serum TNF- a levels were 
very low (Fig. 1), consistent with a previous report.''' The 
serum TNF- a levels were increased significantly after a 
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Fig. 1. Effects of brilliant blue G (BBG) on ttie lipopolysaccharide 
(LPS)-induced increase in serum tumor necrosis factor- « (TNF-e) 
levels. Thirty minutes after a single intraperitoneaiiy (i.p.) dose of 
vehicie (10 mi/l<g) or BBG (12.5, 25, or 50 mg/kg), saiine (10 mi/l<g) 
or LPS (0.5 mg/kg) was injected i.p. Biood was coilected 90 
minutes after the LPS (or saiine) injection. The serum TNF-a 
concentration was measured with ELISA. The bars in the figure are 
shown as the mean±SEIVl (n=8). *p<0.05, ^p<0.001 compared 
with the LPS-treated group (black column). 



single dose of LPS (0.5 mg/kg) (Fig. 1). BBG (12.5, 25, or 
50 mg/kg) was given 30 minutes before the LPS injection, 
and blood was collected 90 minutes after the LPS in- 
jection. Pretreatment with BBG (12.5, 25, or 50 mg/kg) 
significantly attenuated the LPS-induced increases in se- 
rum TNF- a (Fig. 1). 

Antidepressant Effects of BBG on LPS-induced 
Depression-lil<e Behavior in Mice 

In mice, the FST and TST are the behavioral assays 
used most widely for detecting potential antidepressant- 
like activity^^'^^^ To examine the antidepressant effects of 
BBG on LPS-induced depression-like behavior, BBG (50 
mg/kg) was given 30 minutes before the LPS injection. 
Behavioral evaluations were performed 24 hours after the 
LPS injection. 

One-way ANOVA of the locomotion data revealed no 
significant differences among the four groups (F[3, 
43]=2.709,/'=0.057). Pretreatment with BBG did not af- 
fect the spontaneous locomotion in the vehicle- and 
LPS-treated mice (Fig. 2A). One-way ANOVA on the 
TST data revealed significant differences among the four 
groups (F[3, 50]=5.766,/»=0.002). The post hoc analysis 
showed that BBG (50 mg/kg) significantly (p=0.036) atte- 
nuated the immobility time compared with the LPS-treat- 



ed group (Fig. 2B). One-way ANOVA of the FST data re- 
vealed significant differences among the four groups (F[3, 
50]=6.737,;?=0.001). Post hoc analysis showed that BBG 
(50 mg/kg) significantly (p=0.035) attenuated the im- 
mobility time compared with the LPS-treated group (Fig. 
2C). However, BBG (50 mg/kg) alone did not affect the 
immobility time (TST and FST) of control mice (Fig. 2B, 
2C). 

DISCUSSION 

This study found that BBG, a potent P2X7R antagonist, 
showed anti- inflammatory effects on the serum TNF- a 
levels after LPS injection and antidepressant effects in the 
TST and FST. The anti-inflammatory effects are con- 
sistent with the effects of antidepressants (SSRIs and 
SNRIs) on serum TNF- a levels. Furthermore, pretreat- 
ment with BBG significantly attenuated the increase in 
immobility time in the TST and FST after LPS injection. 
Recently, Pereira et al}^^ reported that two P2XR antago- 
nists (PPADS and iso-PPADS) decreased the immobility 
time in the FST and that the antidepressant-like effect of 
iso-PPADS was associated with a decrease in nitric oxide 
levels in the prefrontal cortex. Therefore, P2X7R antago- 
nists such as BBG are potential therapy for inflamma- 
tion-induced depression. 

The peripheral administration of LPS induces sickness 
behavior that peaks 2-6 hours later and wanes gradually. 
This behavior requires the activation of pro-inflammatory 
cytokine signaling in the brain in response to peripheral 
LPS injection, and the depression-like behavior peaks 24 
hours post-LPS injection.'^ In this study, we measured the 
serum TNF- a levels in mice 90 minutes after LPS in- 
jection and performed the behavioral evaluations 24 hours 
after LPS injection. BBG showed an anti-inflammatory 
effect on the serum TNF- a levels after LPS injection and 
antidepressant effects on LPS-induced depressive behav- 
ior in mice. Interestingly, it was reported that genetic dele- 
tion of P2X7R leads to an antidepressant-like phenotype 
in the TST and FST.'''' Additionally, BBG did not show 
antidepressant-effects in P2X7R KO mice.''' These find- 
ings suggest that BBG exerts its antidepressant-effects via 
P2X7R antagonism. A recent study using P2X7R KO 
mice suggested that P2X7R is involved in the adaptive 
mechanisms elicited by exposure to repeated environ- 
mental stressors that lead to the development of depres- 
sion-like behavior.^'' A study using bone marrow chimeric 
mice showed that P2X7R expressed on peripheral im- 
mune cells is unlikely to mediate the impact of P2X7R on 
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Fig. 2. Antidepressant effects of brilliant blue G (BBG) on lipopoly- 
sacchoride (LPS)-induced depression-like behavior in mioe. BBG 
(50 mg/kg) or vehicle (10 ml/kg) was administered intraperiton- 
eolly (i.p.) 30 minutes before LPS (0.5 mg/kg, i.p.) administration. 
Behavior was evaluated 24 hours after the LPS injection. (A) 
locomotion, (B) tail-suspension test (TST), (C) forced swimming test 
(FST). The bars in the figure are ttie mean±SEM (n=12-14). *p<0.05, 
"''p<0.01 compared with the LPS-treated group (black column). 



depression-like behaviors in naive mice, showing that 
the depression-like behavior in P2X7R KO mice was not 
transferred to wild-type mice recipients of P2X7R KO 
bone marrow cells. Therefore, P2X7R may play a role in 
the pathophysiology of major depression associated with 
inflammation. 

Microglial activation is associated with the patho- 
genesis of major depression.^'^**' Although the precise mo- 
lecular mechanisms underlying microglial activation are 
largely unknown, P2X7R plays an important role in mi- 
croglial activation in the brain.^''^"^ The LPS-induced re- 
lease of IL-1 B was prevented by the P2X7R antagonist 
A-438079 and was absent in spinal cord shces taken from 
P2X7RKO mice.''' Furthermore, the TNF- a and IL-1 /? 
mRNA levels in the brain were elevated less in P2X7R 
KO mice than in wild-type mice in response to systemic 
LPS adminisfration.'^' Interestingly, P2X7R was reported 
to play a role in the altered cytokine levels after LPS in- 



jection, whereas it did not play a role in the basal cytokine 
levels in the brain.'^'^^' Therefore, P2X7R appears to play 
a key role in the brain cytokine response to immune stim- 
uli that might be involved in the pathophysiology of major 
depression. 

Recent linkage studies have found a susceptibility locus 
for mood disorders such as major depression and bipolar 
disorder on chromosome 12q24.^'''^*'' Among the genes on 
12q24, a polymorphism (rs2230912) of the gene encoding 
P2X7R is associated with both major depression and bi- 
polar disorder,'^ '"' although some studies have reported 
negative rmdrngs."*^""' Furthermore, a polymorphism 
(rs2230912) had a genetic effect on depressive symptom 
severity in patients with bipolar disorder."^' Therefore, the 
P2X7R gene may be involved in the pathogenesis of mood 
disorders, such as major depression and bipolar disorder. 

In conclusion, this study showed that the P2X7R antag- 
onist BBG has anti-inflammatory and antidepressant ef- 
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fects in mice after LPS-induced inflammation. Therefore, 
P2X7R antagonists are potential therapy for inflam- 
mation-related depression. 
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